In this paper, we present an approach to evaluate the hydrological alterations of a temporary river. In these rivers, it is expected that anthropogenic pressures largely modify low-flow components of the flow regime with consequences for aquatic habitat and diversity in invertebrate species. First, by using a simple hydrological index (IARI) river segments of the Celone stream (southern Italy) whose hydrological regime is significantly influenced by anthropogenic activities have been identified. Hydrological alteration has been further classified through the analysis of two metrics: the degree (M f ) and the predictability of dry flow conditions (Sd 6 ). Measured streamflow data were used to calculate the metrics in present conditions (impacted). Given the lack of data from pristine conditions, simulated streamflow time series were used to calculate the metrics in reference conditions. The Soil and Water Assessment Tool (SWAT) model was used to estimate daily natural streamflow. Hydrological alterations associated with water abstractions, point discharges and the presence of a reservoir were assessed by comparing the metrics (M f , Sd 6 ) before and after the impacts. The results show that the hydrological regime of the river segment located in the upper part of the basin is slightly altered, while the regime of the river segment downstream of the reservoir is heavily altered. This approach is intended for use with ecological metrics in defining the water quality status and in planning streamflow management activities.
INTRODUCTION
In recent decades, the importance of natural hydrological regimes in maintaining the integrity of rivers has been widely recognized (Bunn and Arthington, 2002; Poff et al., 1997; Richter et al., 1996) . Anthropogenic pressures, such as dams, point source discharges, surface water abstractions, and hydropower, may modify the natural regime of a river with a negative impact on water quality, biotic composition, structures and the functioning of aquatic and riparian ecosystems (Buffagni et al., 2009; Hering et al., 2003; Lake, 2007; Munnè and Prat, 2011; Zoppini et al., 2010) .
The relevance of the hydrological regime is recognized by the Water Framework Directive (WFD) (EC, 2000) , which explicitly defines the hydro-morphological aspects as quality elements that must be used for the assessment of ecological status/potential. However, as a determinant of ecological status, the hydro-morphological quality elements are fixed only at High Quality Status, while, for other status classes, the hydromorphological elements are required to have "conditions consistent with the achievement of the values specified for the biological quality elements" (CIS, 2003a) . The hydrological regime of a water body is part of the hydro-morphological quality elements (Annex V, WFD).
Five components are generally used to describe the flow regime: magnitude of discharge (amount of water moving past a fixed location per time unit), frequency (refers to how often a flow above a given magnitude recurs over some specified time intervals), duration (period of time associated with a specific flow condition), timing (regularity with which flows of defined magnitude occur) and rate of change (refers to how quickly flow changes from one magnitude to another) (Poff et al., 1997) . Modification in these flow components has cascading effects on the ecological integrity of rivers.
Several metrics (also called hydrological descriptors or indicators) have been developed for characterizing the patterns of river flow, and specific hydrological components, which have a direct or indirect influence on biological communities (e.g. Annual Minimum and Maximum 1, 3, 7, 30 and 90-day streamflows, Zero-flow days, etc.) (Poff, 1996) . A general approach for hydrological alteration assessment is based on the analysis of these metrics, which are compared before and after a river has been altered by human activities (Richter et al., 1996) . This methodology, as well as other methods (Fernández Yuste et al., 2012; Henriksen et al., 2006; Martínez Santa-María and Fernández Yuste, 2008) generally used to analyse the status variations within a system over time, or to compare an altered system to a reference system, are based on streamflow data, which are referred to as un-impacted and impacted conditions. The method is simple to implement when streamflow data have been measured at the same river section before and after the change in the hydrological regime. However, it could be difficult to apply in several countries of the Mediterranean Basin where measured data availability is scarce, especially in pristine conditions (Oueslati et al., 2010) . If observed flow data are not available, different approaches are used to generate flow series (Black et al., 2005) . Hydrological models, such as HSPF, HEC-HMS, and the Soil and Water Assessment Tool (SWAT), can be used for long-term simulations of un-impacted or impacted conditions (Singh and Woolhiser, 2002) . However, such models are parameter-intensive, they require a large amount of data to set up and calibrate the simulations . In addition, most of the hydrological models, which were developed for perennial rivers, present several limits in simulating extreme low-flow conditions in temporary rivers 1 Kirkby et al., 2011) .
Although temporary rivers are quite common in the Mediterranean region, the basic principle of the Water Framework Directive has been developed mostly for perennial rivers (Nikolaidis et al., 2013) . For temporary rivers, the ecological status assessment is more difficult to define and the management strategy to restore a good ecological status has to be quite specific. This has been recently pointed out by Prat et al. (2014) who proposed a new method, the so called "The MIRAGE tool box" for assessing hydrological, ecological and physicochemical aspects in temporary rivers.
In this context, the present paper describes a study which aims to (1) predict natural streamflow in a temporary river (Celone, Apulia in southern Italy) and (2) assess the hydrological alterations due to anthropogenic pressures. Two water bodies within a 70 km segment of the main course of the River Celone were identified where natural streamflow was predicted and hydrological alteration evaluated. The aim is to give water resource managers an easy tool which could facilitate any investigation into the effects of hydrological modifications within the biotic composition in temporary rivers.
STUDY AREA
We applied the proposed methodology to the River Celone, one of the most important tributaries of the River Candelaro, located in the Apulia region in southern Italy (Figure 1 ). The river flows northeast and enters the Capaccio reservoir (full capacity 25.82 Mm 3 ; current volume 17.56 Mm 3 ). The channel, which is incised in the upper basin, assumes a braided form in an alluvial plain downstream of the steeper reaches. Here, there is deposition of the coarser material before the river resumes a sinuous course. In the plain area, much of the river network appears as a series of concrete-lined channels. Hydraulic structures were built before World War I to artificially drain the area since the river network was unable to collect all the water from the large alluvial plain after storm events. The drainage area is 317 km 2 and the main river course is 93 km long. The soil texture varies from sandy-clay-loam (36%) to sandy-clay (1%) or clay (63%). The basin is characterized by a mean elevation of about 300 m, ranging from 0 to 1100 m. The average annual precipitation evaluated with the Centroid method 2 from 1990 to 2009 in the Celone River basin is 625 mm, ranging from 465 mm in the plain area to 840 mm in the mountainous area. Rainfall is mostly concentrated in autumn and winter (from November to May). It is unevenly distributed throughout the region and during the dry season, from June to September, it is concentrated in a few events of short duration and high intensity. The main economic activity in the plain area is intensive agriculture, the main farming products being durum wheat (70%), tomatoes (3%), sugar beet (6%), olives (4%), and grapes (3%). In the mountainous part of the basin, where the morphology is more irregular, natural and man-made, forest lands (8%) and pasture (2%) are frequent and agriculture is not intensive. The streamflow follows the precipitation regime closely. The river network shows an intermittent character, with a pattern of zero or low flow and the reduction of the surface water into isolated pools along the river during the summer months. From June to September flash flood events are quite common, flood duration is typically only a few hours with a very rapid rising stage and a short lag time (time between peak rainfall and peak discharge). In winter, after the discharge reaches its flow peak, it falls off gradually resulting in a very slow recession with a duration depending on the antecedent soil moisture, and on the intensity and time interval of the rainfall that produced it. From 1965 to 1995, the average streamflow values were 0.48 and 0.77 m 3 s -1 at streamflow gauge 1 and 2, respectively. In Italy, awareness of the importance of environmental monitoring is increasing. A new streamflow monitoring plan was recently designed and Civil Protection Service is in charge of measurements. However, due to the limited economic resources not all water bodies are well monitored yet and currently no streamflow data are available for all the water bodies identified in the study area. Assessing flow regime alterations in a temporary river -the River Celone case study Point source discharges from waste water treatment plants (WWTPs), water abstractions from the river and groundwater, and a reservoir are the main anthropogenic hydrological pressures. Data quantifying the water abstraction are not available. An irrigation board that operates in the plain area with a welldefined irrigation system provides water at a competitive price. In spite of this, water abstraction from surface water and groundwater is quite common, especially in the plain area of the basin. Volumes of waste water discharged by WWTPs are provided on a yearly basis. Significant land use changes, which could have induced an increase in impervious areas, had not been recorded in recent decades.
MATERIAL AND METHODS

Indicators of hydrological alteration
In 2011, the Italian Decree 260/2010 (D.M. Ambiente n. 260, 2010; Annex 1; Tab. 4.1.2/a) fixed the technical criteria to classify the hydrological and morphological conditions of a river needed to support a functioning ecosystem. The Decree proposes an index, the so called Indice di Alterazione del Regime Idrologico (IARI), to evaluate the deviation of the current hydrological regime from its natural condition and it defines a classification of the regime alterations. The above mentioned Decree also fixes a threshold value of the IARI index which identifies a critical 3 hydrological status for which further analysis is needed. In the latter case, the methodology has to be defined case by case on the basis of hydrological pressures which can modify all the components of a regime or only a few (ISPRA, 2011) .
ISPRA (2011) suggested to use the "Indicators of Hydrological Alteration (IHA)" methodology of Richter et al. (1996) which uses 32 indices to describe hydrological regime and its deviation from un-impacted condition (The Nature Conservancy, 2009). In alternative, the efforts can be direct to the values of specific indices selected on the basis of anthropogenic pressures (Olden and Poff, 2003) . For instance, as it is expected that summer water abstractions will impact monthly streamflow and extreme low-flow components of the hydrological regime, we can select and analyze the metrics describing these flow regime components only (Black et al., 2005) .
The method presented in this paper includes two stages. The first is aimed at identification of the water bodies in a critical hydrological status, as suggested by the Italian Decree 260/2010. The second analyses in detail the effects of pressures on the hydrological regime components.
Hydrological Regime Alteration Index (IARI)
The first stage comprises the following steps: 1. Hydrological pressures analysis: information and data about the river network and catchment are collected in order to evaluate pressures and their potential impacts on the waters.
2. Identification of the relevant river sections, following the criteria of the WFD (CIS, 2003b) .
3. Identification of river segments whose hydrological regime is being significantly influenced by anthropogenic activities.
4. For the impacted river segments, evaluation of the IARI index following the procedure described by the Istituto Superiore per la Protezione e la Ricerca Ambientale (ISPRA, 2011) . Depending on the available streamflow data, quality and consistency, the IARI index is calculated, by comparing the daily or monthly discharges actually flowing through the cross section and the corresponding natural river discharges. In particular, as in this case, since many of the major changes to the hydrological regime pre-date the start of the streamflow records, natural stream discharge was evaluated using a hydrological model, while the impacted hydrological condition is evaluated by using measured data. The IARI index is evaluated using the following equation: In the calculations of the IARI index we have to take into account that when the streamflow data sets used for the calculations of the metrics in natural and impacted conditions cover different periods, it is necessary to analyze the rainfall regime recorded in the two periods. In fact, differences in rainfall amount recorded in the two periods could determine an overestimation or under-estimation of impacts.
MIRAGE protocol to quantify hydrological status
The second stage suggested by ISPRA (2011) aims to quantify the alterations in the hydrological regime. As in Celone River basin the anthropogenic pressures will cause changes in the magnitude of low-flow and duration of the zero-flow period, we analyzed the metrics which describe these components of regime. In particular, we applied the MIRAGE protocol Gallart et al., 2012; Prat et al., 2014) , which uses two metrics based on the statistics of the zero-flow period. The indices described below are evaluated both in unimpacted (natural) and impacted (actual) conditions and are used as coordinates in a plot, so that their position provides a river regime classification of the river bodies pre-and postimpact and a quantification of the deviation. The metrics are: the relative annual number of months with flow (M f ) and the six-month dry season predictability (Sd 6 ) defined by Equation (2).
where: Fd i is the multi-annual frequency of the zero-flow months for the contiguous six wetter months per year and Fd j is the multi-annual frequency of the zero-flow months for the remaining drier six months. The contiguous wet or dry sixmonths are the periods with fewer or more zero-flow frequencies, respectively. In the study area, the wetter sixmonth period is December to May, while the drier six-month period is June to November. If zero-flow months occur equally throughout the year over a long period, Sd 6 assumes the value 0
2). This means that there is no clear predictability of streamflow processes. If zero-flow months occur in the same drier 6-month period every year, Sd 6 takes the value 1 (Fd i = 0 in Eq. 2), which means that there is a high predictability. When the river is permanent, this metric cannot be calculated, we assume that Sd 6 is 1 which means a fully predictability. We selected these metrics, which are based only on the statistics of the zero-flow periods, directly (Sd 6 ) or indirectly (M f ), because the flow interruption is considered to be the most relevant feature controlling the aquatic fauna in a temporary stream (Prat et al., 2014) . At the same time, their use offers two advantages: firstly, flow interruption is much easier to identify than flow values when inhabitants or technicians are to be interviewed in absence or paucity of data, and secondly, the zero flow condition is also easier to model than a range of flow. We used simulated streamflow values and measured streamflow data to evaluate the metrics for the un-impacted and impacted conditions, respectively.
Modelling approach to simulate natural streamflow
We used the SWAT model , version SWAT2005 with ArcGIS interface (Winchell et al., 2007) , to simulate streamflow values in two river sections on the River Celone. The SWAT model, which is widely used in watershed management, is able to simulate hydrological processes and water quality for both natural and impacted conditions in agricultural basins (Kiesel et al., 2013) . The model was developed for ungauged basins, it was applied with good results in Mediterranean basins where flow data were scarce and in semi-arid basins with a limited data set (Abouabdillah et al., 2014) . However, uncertainty in model predictions have to be accurately analyzed (Abbaspour et al., 2007; van Griensven et al., 2002) .
In the first SWAT simulation, the anthropogenic impacts were included and after the calibration and validation a new simulation without hydrological pressures was undertaken in order to predict the natural streamflow. The inputs used in the model and their relative sources are summarized in Table 1 . In this study, survey campaigns and interviews with farmers and citizens were fundamental in order to establish reaches with intermittent characters and impacts (i.e. water abstractions).
Based on the availability of climatic data (daily rainfall and temperature), the model was run on a daily time-step from January 1990 to December 2009, a time period over which only a few years of measured flow data were available. In fact, at the gauging station 1 daily data were recorded from 1965 to 1995; while at the gauging station 2 streamflow was measured from 1965 to 1994 on daily time scale and from 2000 to 2010 on monthly time scale.
The study area was divided into nine sub-basins. Taking into account the fact that daily wind speed and daily relative humidity were not available, the Hargreaves and Samani (1985) method was chosen to evaluate evapotranspiration. This method requires only daily maximum and minimum air temperature data and is able to produce realistic results for semiarid areas. The Soil Conservation Service Curve Number method (SCS-CN) (USDA-Soil Conservation Service, 1972) was selected to calculate surface runoff, since only daily rainfall values were available for the study area. Prior to calibration, the sensitivity analysis (SA) developed by van Griensven et al. (2002) was carried out for 27 parameters to assess the most sensitive hydrological parameters that can influence river flow. That analysis was performed with a module which is incorporated in the SWAT model. Among the most sensitive parameters are soil depth (z [mm]), curve number (CN), threshold depth of water in the shallow aquifer for return flow (GW_QMIN [mm] ), antecedent soil water content (SOL_AWC [mm H 2 O/mm soil]), soil evaporation compensation factor (ESCO), and surface runoff lag time [days] . An initial manual calibration was undertaken working with the above mentioned parameters influencing surface flow and base flow in order to have a smaller range of parameters than the initial range. After this step, the Sequential Uncertainty Fitting version 2 (SUFI 2) procedure (Abbaspour, 2011) , included in the SWAT-CUP software (http://www.neprashtechnology.ca/), was applied to carry out the uncertainty analysis. In SUFI 2, uncertainty is the discrepancy between measured and simulated streamflow. It reflects all sources of uncertainties (conceptual model, forcing inputs i.e. rainfall, parameters and measured data). For a comprehensive description of the algorithm, refer to Abbaspour et al. (2007) . 
Daily discharges (m
RESULTS AND DISCUSSION
As mentioned above, point source discharges from waste water treatment plants (WWTPs), water abstractions from the river and groundwater, and a reservoir are the main hydrological pressures in the Celone river basin. In the present study, we used a river network fragmentation based on the "water bodies" defined by the River Basin Authority of Apulia region (D.M. Ambiente n. 131, 2008) . This is because the "water body" 4 is the coherent sub-unit in the river basin to which the environmental objectives of the WFD must apply. The main purpose of identifying "water bodies" is to enable the status to be accurately described and compared to environmental objectives (WFD, Art. 4). As suggested in the Guidance Document No. 2 (CIS, 2003b), geographical and hydromorphological features in addition to considerations regarding pressures and impacts are the main criteria for delineating the surface water bodies.
Here, two river segments are analysed: the first is representative of the upper river basin and the second is typical of the plain area of the basin (in Figure 1 , river segment 1 and 2, respectively). Streamflow values used to calculate the metrics are measured or simulated in the river section 1 and 2, also called in the text streamflow gauge 1 and 2 (Figure 1 ). Nevertheless, we have to bear in mind that temporary rivers are characterized by high longitudinal variation in river flow in addition to the temporal variation (Larned et al., 2010) . During the dry season, flow may appear and disappear longitudinally depending on the substrate of the river bed, and on the geological formation that regulates the bidirectional surface-aquifer exchanges. Flow regime characterization based on hydrological indices is site specific; this means that many index values computed for one site may vary upstream and downstream in response to the longitudinal changes in streamflow.
Model performance
The model was calibrated over the period 1990-1992 at gauge 1 and from 1990 to 1991 at gauge 2. The performance of the model simulations was evaluated by using Nash and Sutcliffe efficiency (NSE) (Nash and Sutcliffe, 1970) and the correlation coefficient (R 2 ). Both of these statistics are included in the performance evaluation methods and criteria suggested by the developers . For the calibration period, the NSE value at Gauge 1 (Figure 2 ) was 0.61 and at Gauge 2 was 0.51; the R 2 values were 0.88 and 0.83, respectively. For the validation period (1994) (1995) , at gauge 1 the NSE was 0.41 and R 2 was 0.77, while at gauge 2 (1994) the NSE was 0.83 and R 2 was 0.93 ( Figure 3 ). The correlation coefficient R 2 ranges from 0 to 1, with higher values indicating less error variance, and typically values greater than 0.5 are considered acceptable (Legates and McCabe, 1999) . NSE is very commonly used, Sevat and Dezetter (1991) found NSE to be the best objective function for reflecting the overall fit of a hydrograph. NSE ranges between -∞ and 1.0, with NSE = 1 being the optimal value. In their review of published literature, Moriasi et al. (2012) defined "satisfactory" the values of NSE > 0.50 for a monthly time step run simulation. Typically, model performance is poorer for shorter time step (daily) than for longer time steps (i. e. monthly) (Engel et al., 2007) . For all of that and because of the fact that streamflow simulation in temporary rivers is more challenging that in perennial rivers, we consider the model performance acceptable.
The parameters, their range and the calibrated values are summarized in Table 2 . It is well known that watershed models suffer from uncertainty in predictions due to model structure, input data and parameters (Refsgaard et al., 2007) . In the present work, we applied the SUFI 2 procedure to undertake the uncertainty analysis. Figure 4 represents the observed streamflow and the "best simulation" for un-impacted conditions and the 95% prediction uncertainty (95PPU) for gauge 1. As the graph shows, the uncertainty interval is large during the dry period. These results confirmed the studies of Kirkby et al. (2011) who pointed out that a discrepancy between measured and simulated flow is especially recorded in temporary rivers where extreme lowflow conditions tend to be overestimated by most hydrological models.
Fig. 4.
Comparison of the hydrograph and uncertainty prediction at gauge 1. Obs flow represents measured discharge in impacted conditions and Sim flow represents the calibrated simulation in natural conditions. The shaded (green) interval is the 95% uncertainty predictions (P-factor = 0.41; and R-factor = 0.20).
In the present work, the "no-flow" condition is a key point in the metrics calculations; thus, it is important to understand whether or not the extreme low-flow conditions predicted by the SWAT model in a river section are realistic. If predicted extreme low flow in the "best simulation" is not zero in those reaches that are recognized as temporary streams, a correction of flow series is needed before calculating the metrics. The simulated streamflow value that corresponds to actual no-flow in a reach is the "zero-flow" threshold. This value is specific for each river section depending on the local conditions (i.e. hydraulic conductivity, river bed permeability, geology), in addition to the intrinsic limits of the hydrological model used for the simulations. Therefore, the "zero-flow" values should be determined comparing contemporaneous simulated and measured streamflow data. Generally, this is not an easy task since measured streamflows in natural conditions are unavailable. In order to identify this value, we selected one of the driest summers recorded in the past (1990) during which the river network was dry all over; we verified this condition through interviews with farmers, and for each river section we assumed the extreme low-flow value simulated by the model in that period as the zero-flow threshold. The values are 0.055 and 0.065 m 3 s -1 for gauge 1 and gauge 2, respectively.
IARI index evaluation
The IARI index was evaluated in River Section 1 comparing the actual monthly median streamflow, evaluated from 1972 to 1996 (including 20 years of data) with the natural streamflow that corresponds to the 25 th and 75 th percentiles of the monthly median values simulated over a period of 20 years. th percentiles). The median measured streamflow in actual conditions (impacted) is lower than the 25 th percentile of the natural streamflow from January to December. The IARI index is 0.39 (>0.15), also indicating that, in this river section, the hydrological status is critical. If we take into account that from 1990 to 2009, the time period over which the un-impacted conditions were simulated, a contraction of the mean annual precipitation was recorded in all gauging stations varying from 5 to 11% compared to the recorded rainfall from 1972 to 1996, when the actual conditions were evaluated, we could expect that the median measured streamflow (impacted) would be included in the interval 25 th and 75 th percentiles or even higher. As we found that impacted streamflow is lower than the 25 th percentiles, it is evident that natural streamflow has been altered by human activities (Figures 5 and 6) . 
MIRAGE protocol to quantify hydrological status
The IARI index denoted a critical hydrological status, which must be further analysed to identify which components of the regime are altered and to quantify their alteration. suggested formulating some hypotheses based on expert knowledge describing expected ecological changes derived from specific hydrological alterations and to investigate a limited set of hydrological indices. Following these suggestions, we focused Stage 2 of the method on changes occurring in flow permanence (M f ) and dry season predictability (Sd 6 ). In fact, in the study area, it is highly plausible that the contraction of flow permanence recorded in the river segments will lead to a loss in diversity of invertebrate species and to a reduction of suitable aquatic habitats (Bonada et al., 2007) . The two metrics defined previously, M f and Sd 6 , were evaluated for each river section in natural and un-impacted conditions. The metrics were used as coordinates in a plot, Figure 7 , which provides a classification of the river types: moving from the upper-right corner to the lower-left, the intermittence of the river and, consequently, the influence of the regime on biological habitats increase. Fig. 7 . Plot of inter-annual Sd 6 versus M f metrics in impacted (black points: 1i; 2i) and natural (red points 1; 2) conditions. Error bars show the standard error. The grey triangle shows the area where the metrics are incompatible. The red lines show an approximate separation between the regime types -permanent (P), intermittent pools (I-P), intermittent dry (I-D) and ephemeral (S) streams; for details see the text below. The ellipses represent the natural range of variability for the two metrics; dotted and continuous ellipses represent river segment 1 and 2, respectively.
In the plot, the grey triangle identifies an area where the metric values are incompatible (i.e. if M f takes the value 0.4, Sd 6 cannot assume values higher than 0.8, as a result of Equation 2). The red lines differentiate the river regimes and river types; they are fixed after analysing data recorded in several streams in the Mediterranean area (Gallart et al., 2012) . In their work, Gallart et al. (2012) classify rivers on the basis of the control imposed on the biological communities by the absence of flow. In particular, streams are classified as permanent (P), intermittent pools (I-P) if streamflow is discontinuous with only pools during dry season; intermittent dry (I-D) if streamflow is absent during dry season; and ephemeral (E) if flow permanence is episodic. The distance between the corresponding points in unimpacted and impacted conditions is an indicator of the hydrological regime alterations capturing a shift in flow permanence and dry season predictability. The points representing the river reaches in natural conditions (1 and 2) are located on the right in the graph. When we calculate the metrics by using measured data, which include the impacts (water abstractions and the reservoir), the points move from the right to the left (1i and 2i). In particular, the plot in Fig. 7 shows that River segment 1 remains an intermittent-pool stream after the impacts and River segment 2, which was classified as an intermittent-pool river in natural conditions, became ephemeral after the dam was built. In the plot, the ellipses identify the natural range of variability for the two hydrological metrics. Due to a high inter-annual variability of rainfall regime recorded in the basin, the metrics assumed different values for the 20 years used to represent the natural regime of the river.
In the present work, we do not evaluate the ecological response to hydrological alterations, as biological data were not available. Nevertheless, we can deduce some considerations from the metrics and their deviation from natural status. A wide literature in ecohydrology including studies that relate ecological aspects of ecosystem to one or more hydrological variables is available (Bunn and Arthington, 2002) . However, few studies have been published which have quantified the ecological metrics changes in response to various degrees of flow alteration per se . This is because it requires that hydrological variables and their deviations from natural condition are evaluated in the same location of ecological samplings, what has rarely been done (Poff and Zimmerman, 2010) . Generally, the hydrologists and biologists' activities are not really integrated. Therefore, hydrologists may not have a clear picture of which aspects of biology should be included in their studies while biologists perceive only some of the concepts behind hydrology. Currently, reliable models directly predicting ecological response to various types and degree of alterations are not available. This is the main goal of environmental flow science .
In River section 1, the metrics M f and Sd 6 in impacted conditions assume values included in the range of their natural variability (dotted ellipse in the plot); consequently we can reasonably presume that in the upstream river segment variation in terms of ecosystem processes, magnitudes of transport of nutrients and suspended sediment materials, which are dictated by the hydrological regime, are low.
In contrast, the ecological response in River section 2, due to hydrological alterations, could be relevant, as both metrics calculated in River section 2 after impact reach the values which are far from their natural variability interval (the point 2i is outside the ellipse in the plot). As a consequence of the drastic reduction in flow permanence, the entire river segment remained dry for a long time and the water content in the alluvial soil constituting the river bed became similar to the surrounding terrestrial soil. Consequently, a different ecosystem may characterize the stream whose river bed may be invaded by plants and only terrestrial fauna may exist. Data concerning flow released from the dam were available on monthly time scale only, while specific information on the dam water operation were not available. The River Basin Authority has not yet established a protocol for flow release. As a consequence, dam operators do not maintain adequate water flow to sustain river ecosystem downstream of the reservoir. In this context, the present work may constitute an interesting contribution to streamflow management providing both natural streamflow and hydrological alterations attributable to human influence, which are fundamental for estimating environmental flow downstream the reservoir. On the other hand, the plot in Fig. 7 provides information which is very important for interpreting the results of biological samplings. In fact, knowledge of the overall history and habitat characteristics present when biological samples are taken is a fundamental contribution in establishing the ecological status (ES) (Buffagni et al., 2010) . Several researchers have highlighted the importance and the role of the flow type in macro-invertebrate community assemblages (Bonada et al., 2007; Munné and Prat, 2011) . Buffagni et al. (2009) pointed out that an increase in lentic flow-related habitat may determine a decrease in the values of metrics used to evaluate ES. Thus, if these conditions are due to a natural variability in streamflow, a correction of ES assessment systems is needed in order to avoid an underestimation of the ecological quality.
CONCLUSIONS
Water resources managers who are in charge of protecting and restoring river ecosystems need quantitative tools to evaluate the hydro-morphological alterations of a river and the easy relationships linking hydrological alterations to ecological responses. Due to the limited availability of streamflow data, especially in natural conditions, the assessment of hydrological alterations attributable to human influence is not easy to determine in Mediterranean semi-arid basins. Despite these difficulties, the hydrological alteration of a water body needs to be evaluated in order to achieve the final objective of the WFD, and currently it constitutes a challenge for eco-hydrologists who have to define a methodology to evaluate hydrological alterations of a water body and the consequent ecological response.
In this paper, a first attempt to define a method for assessing hydrological alterations in temporary rivers was presented. The assessment of human-induced alterations in river flow regimes in the River Celone has been carried out based on a comparison of the simulated long-term river discharge (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) under natural condition and the anthropogenic altered conditions including impacts (water abstractions, point sources discharges and a reservoir).
The results show minor alterations in the upstream river segment, where changes in regime are limited. The river segment preserves its original hydrological regime classification. It remains an intermittent-pool river. The most important anthropogenic pressures which influence hydrological regime are water abstractions from surface water and point source discharges (WWTPs), so that the two amounts cancel each other out. In contrast, a very significant alteration to the natural flow regime was evaluated in the river segment in the plain area of the basin, where the effects of the reservoir appear to be the dominant cause of regime changes. The alterations refer to the monthly average river discharge, the permanence of flow and the six-month dry season predictability. Under the current conditions, each of these regime components is very far from its natural variability.
All these types of alteration are known to have an impact on the ecosystems in temporary rivers. Nevertheless, for an improved assessment of flow alteration impacts on ES, it is necessary to analyse the ecological response. Hence, further studies are needed including consideration of the impacts on specific aquatic species and of local knowledge on habitat degradation in temporary rivers. Such integrated ecohydrological study will give a contribution in establish environmental flow requirements and in regulating reservoir operations in the Celone river basin. The method presented here had to rely on simulated streamflow for undisturbed regime. Future research could also test the method in rivers where measured undisturbed data are available. The approach we proposed in the present paper may play a key role in the process of implementation of the Water Framework Directive, especially in view of the review and update of the first River Basin Management Plan in 2015 (according to the WFD timetable art. 13, 14, 15).
